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Claims 

^ is cXe^ed i- — - — — " ^ " d illUS " a " d ln ^ 

drawings, including: 

4-- »n« measuring a sample, comprising: 
1. K „ethod for -^J^^ , £irst p „p, g etion «ode to 
directing one beam of guided ngn 

• f ^ s t propagation mode to reach the sample, 

portion in the first propag* M ^*„n from the sample to 

controUin, . rejection of the second portio fro. 
„. in . second propag.tion mod. different from the fxrst pr 

i - = reflected second portion; and 

, *° de — ~- - T ---id 

„ .„h the reflected second portion in the secona 
propagation mode and the reiiec detection module to 

mnHe throuqh a common waveguide into a detect 
propagation mode through ion on the sample. 

eKtract information from the reflected 

• 1= -i m i wherein the first propagation mode 
>n 2 The method as in claim 1, wherein 

20 „ n,nri e are two polarization modes that are 

and the second propagation mode are two p 

orthogonal to each other. 

, h . as in clai m 2, wherein the first propagation mode 
3. The method as in clai , Qrthogonal line ar polarization 

25 and the second propagation mode are two 



modes . 



i^™ 9 further comprising using a 

4 . The method as in claim 2 f urt ^ ^ ^ ^ ^ 

polarization rotator to cause the reflected. 
30 second propagation mode. 

5 The method as in claim 2, further comprising using a Faraday 

5. Tne metnuu second 
rotator to cause the reflected second portion to 

propagation mode. 

35 . 2 further comprising using a quarter 

6 . The method as in claim 2, furth P 

wave plate to cause the reflected second portion to he 
propagation mode. 

• 1a -Wn 1 further comprising using the common 
^ The method as in claim l, Iurt " Bi r , 
40 7 - The methoa the sample and to guide the 

waveguide to both direct the guided light 
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reflected first portion and the reflected second portion away from the 
sample. 

8. The method as in claim 7, wherein the waveguide is a 
5 polarization maintaining waveguide. 

9. The method as in claim 7, wherein the waveguide is a 
polarization maintaining fiber. 

10 10. The method as in claim 1, further comprising using an input 

waveguide different from the common waveguide to direct the guided light 
to the sample. 

11. The method as in claim 1, further comprising adjusting a 
15 relative phase delay between the reflected first portion and the 

reflected second portion. 

12. The method as in claim 1, further comprising: 

mixing energy of the first propagation mode and the second 
20 propagation mode in the detection module to produce a first optical 
signal and a second optical signal; and 

detecting the first and second optical signals to extract the 
information of the sample. 

25 ' 13. The method as in claim 12, further comprising using a 

difference between the first optical signal and the second optical 
signal to extract the information of the sample. 

14. The method as in claim 13, further comprising: 

30 modulating a relative phase delay between the reflected first 

portion and the reflected second portion at a modulation frequency; and 

using information on amplitudes of the difference at the 
modulation frequency and a harmonic of the modulation frequency to 
extract the information of the sample. 

35 

15. The method as in claim 12, further comprising: 
separating different optical spectral components in the first 

optical signal; 

measuring the different optical spectral components in the first 
40 optical signal; 
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separating different optical spectral components in the second 
optical signal; 

measuring the different optical spectral components in the second 

optical signal; and o _ , 

using the measurements to obtain a spectral response of the sample 

at a spectral component selected from the different optical spectral 
components ♦ 

16. The method as in claim 15, further comprising using an optical 
grating to separate the different optical spectral components in the 
fist optical signal by optical diffraction. 

17. The method as in claim 1, further comprising controlling a 
spectral property of the guided light to the sample to obtain the 

15 information of the sample. 

18 The method as in claim 1, further comprising using a tunable 
optical bandpass filter to select a center wavelength of a spectral 
range of the guided light to the sample to obtain a spectral response of 
the sample in the spectral range. 



20 



25 



30 



35 



40 



19. The method as in claim 1, further comprising: 

adjusting a relative phase delay between the reflected first 

portion and the reflected second portion to a first value to measure a 

first signal associated with a first layer within the sample; 

adjusting the relative phase delay to a second, different value to 

measure a second signal associated with a second layer within the 

sample; and 

obtaining a ratio between the first and the second signals to 
extract information about a layer of the sample located between the 
first and the second layers. 

20. The method as in claim 19, further comprising using a tunable 
optical bandpass filter to select a center wavelength of a spectral 
range of the guided light to the sample to obtain a spectral response of 
the layer of the sample located between the first and the second layers 
in the spectral range. 

21. The method as in claim 19, further comprising using the ratio 
to measure a concentration of glucose in a dermis layer of a skin 
tissue . 
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22. The method as in claim 1, further comprising: 
adjusting a relative phase delay between the reflected first 

portion and the reflected second portion to a value to select a layer 
from which a reflection component in the reflected second portion 
substantially matches the reflected first portion in phase; 

modulating the relative phase around the value at a modulation 
frequency to obtain a measurement; and 

processing the measurement to obtain information on the layer. » 

23. The method as in claim 22/ further comprising: 

using an optical delay device to produce and adjust the relative 
phase delay; and 

using an optical delay modulator to modulate the relative phase. 

24. The method as in claim 1, further comprising adjusting a 
relative lateral position between the second portion and the sample to 
direct the second portion to reach different locations on the sample to 
obtain information at the different locations. 

25. 'A device for optically measuring a sample, comprising: 
a waveguide to receive and guide an input beam in a first 

propagation mode; 

a probe head coupled to the waveguide to receive the input beam 
and to reflect a first portion of the input beam back to the waveguide 
in the first propagation mode and direct a second portion of the input 
beam to a sample, the probe head collecting reflection of the second 
portion from the sample and exporting to the waveguide the reflection as 
a reflected second portion in a second propagation mode different from 
the first propagation mode; and 

a detection module to receive the reflected first portion and the 
reflected second portion in the waveguide and to extract information of 
the sample carried by the reflected second portion. 

26. The device as in claim 25, further comprising: 

an optical delay device in an optical path of the reflected first 
and second portions to produce a relative phase delay between the 
reflected first and second portions; and 

an optical delay modulator in the optical path of the reflected 
first and second portions to modulate the relative phase. 
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27 The device as in claim 25, further comprising an optical delay 
modulator in an optical path of the reflected first and second portions 
to produce a relative phase delay between the reflected first and second 
portions and to modulate the relative phase. 

28 The device as in claim 25, further comprising a variable 
optical delay unit in an optical path of the reflected first and second 
portions to produce a variable relative phase delay between the 
reflected first and second portions, wherein the variable optical delay 
unit comprises: 

a mode splitting unit to separate the reflected first portion an 
the first propagation mode and the second portion in the second 
propagation mode into a first optical path and a second optical path, 

respectively; and 

a variable optical delay element in one of the first and the 

second optical paths to adjust an optical path length. 

29. The device as in claim 28, wherein the variable optical delay 

element comprises: 

a beam splitter to receive an input light beam to be delayed and 

to transmit a portion of the input light beam; 

a transparent plate to receive transmitted light from the beam 
splitter and to rotate to change a path length of the transmitted light; 

a mirror to reflect light transmitted through the transparent 
plate back to the transparent plate to. reach the beam splitter which 
reflects light from the transparent plate as a delayed output. 

30. The device as in claim 28, wherein the variable optical delay 

element comprises: 

an optical circulator to receive an input light beam to be delayed 
at a first port and to direct the input light beam to a second port, 

a transparent plate to receive light from the second port of the 
optical circulator and to rotate to change a path length of the light 

j transmitting therethrough; and 

a mirror to reflect light transmitted through the transparent 
plate back to the transparent plate to reach the second optical port of 
the optical circulator which directs light from the second port to a 
third port as a delayed output. 
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31. The device as in claim 28, wherein the variable path length 
element comprises a fiber and a fiber stretcher engaged to the fiber to 
change a length of the fiber. 

32. The device as in claim 28, wherein the variable path length 
element comprises two optical collimators and a movable retro-reflector 
in an optical path linking the two optical collimators . 

* 

33. The device as in claim 28, wherein the variable path length 
element comprises two optical collimators, and an optical plate and a 
reflector in an optical path linking the two optical collimators, 
wherein the optical plate rotates to change a path length of light. 

34. The device as in claim 25, further comprising a variable 
optical delay unit in an optical path of the reflected first and second 
portions to produce a variable relative phase delay between the 
reflected first and second portions, wherein the variable optical delay 
unit comprises at least one tunable birefringent material and a fixed 
birefringent material. 

35. The device as in claim 34, wherein the tunable birefringent 
material comprises a liquid crystal. 

36. The device as in claim 34, wherein the tunable birefringent 
material comprises an electro-optic birefringent material. 

37. The device as in claim 25, wherein the detection module 
comprises an optical detector. 

38. The device as in claim 37, wherein the detection module 
further comprises an optical polarizer to receive and mix the reflected 
first and second portions to produce an optical output to the optical 
detector. 

39. The device as in claim 38, further comprising an electronic 
unit to process output from the optical detector and process the output 
to extract the information of the sample. 

40. The device as in claim 25, wherein the detection module 
comprises : 
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an optical polarizing beam splitter to receive and mix the 
reflected first and second portions that are respectively in the first 
and the second propagation modes to produce a first optical signal and a 
second optical signal; 

a first optical detector to receive the first optical signal; 

a second optical detector to receive the second optical signal; 

and 

an electronic unit to receive and process outputs from the first 
and the second optical detectors to extract the information of the 
sample. 

41. The device as in claim 40, wherein the first and second 
optical detectors are first and second detector arrays, respectively, 
the device further comprising: 

a first grating to receive and diffract the first optical signal; 

a first lens to focus different diffraction components in the 
first optical signal to different locations on the first detector array; 

a second grating to receive and diffract the second optical 
signal; and 

a second lens to focus different diffraction components in the 
second optical signal to different locations on the second detector 
array. 

42. The device as in claim 25, wherein the probe head comprises a 
partial mode converter which sets the reflection from the sample in the 
second propagation mode. 

43. The device as in claim 25, wherein the probe head comprises: 

a partial reflector to reflect the reflected first portion of the 
input beam and to transmits the second portion of the input beam to the 
sample; and 

a polarization rotator located between the partial reflector and 
the sample to change a polarization of the reflected second portion in 
controlling the reflected second portion to be in the second propagation 
mode. 

44. The device as in claim 25, wherein the probe head comprises: 

a partial reflector to reflects the reflected first portion of the 
input beam and to transmits the second portion of the input beam to the 
sample; and 
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a Faraday rotator located between the partial reflector and the 
sample to change a polarization of the reflected second portion xn 
controlling the reflected second portion to be in the second propagation 

mode . 

45 The device as in claim 25, wherein the probe head comprises: 
a partial reflector to reflects the reflected first portion of the 
input beam and to transmit the second portion of the input beam to the 

SamPle a garter wave plate located between the partial reflector and the 
sample to change a polarization of the reflected second portion xn 
controlling the reflected second portion to be in the second propagation 



mode . 



15 



46. The device as in claim 25, wherein the waveguide is a 
polarization maintaining waveguide. 

47. The device as in claim 25, wherein the waveguide is a 
polarization maintaining fiber. 

48. The device as in claim 25, further comprising: 
a light source to produce the input beam; 

an input waveguide to receive the input beam from the light source 
and to guide the input beam in the first propagation mode; 

an output waveguide to receive the reflected first and second 

^ t-o direct the reflected first and second 
portions from the waveguide and to dxrect 

portions to the detection module; and 

an optical router coupled to the input waveguide, the waveguxde, 
and the output waveguide and operable to direct light coming from th 
input waveguide to the waveguide and to direct light comxng from the 
waveguide to the output waveguide. 

49. The device as in claim 48, wherein the optical router is an 
optical circulator. 

50. The device as in claim 48, wherein the optical router is a 
polarization preserving optical circulator. 

51. The device as in claim 48, wherein the optical router 

40 comprises: 

an optical circulator; 
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t'4-+-^ in t-he waveguide to transmit 
a first polarizing beam splitter in the wavegux 

a nrsn po --fleet liqht in the second 

light in the first propagation mode and to reflect lig 

transmit light in the first propagation .ode ana to reflect light in 

second propagation mode; and 

a bypass waveguide coupled between the first and the second 
• w -«3 ttters to direct the reflected second portion 

waveguide by reflection. 

52 The device as in claim 48, further comprising a tunable 

.tical filter located in one of the input waveguide, the waveguide and 
optical filter ^ ^ response of the 

the output waveguide to seiecx a 
sample to measure. 

53. The device a. in claim 25. further comprising a tunable 
optical filter to filter the input beam to select a portron of 
spectral response of the sample to measure. 

S4 The device as in claim 25, further comprising a tunable 
optical filter to filter the reflected first and second portions to 
select » Portion of the spectral response of the sample to measure. 

5 . 4r, olaim 25, further comprising a mechanism to 

Thp device as m claim ^j, 1U1L r 

Change a' later" relative position between the probe bead and the sample 
to direct the aecond portion to different locations of the sample. 

56 . A method for optically measuring a sample. °°"** i9i "'= 
directing light in a first propagation mod. to a vrcrnrty of a 

q airvD 1 e under measurement; 

P directing . first portion of the light in the first prop g.tron 
mode to propagate away from the sample at the vrcinrty of the sample 

without reaching "the sample; 
35 witnout i * licht in the first propagation 

directing a second portion of the light in 

mo de to the sample to cause reflection at the sample; 

controlling reflected light from the sample to be in a second 
pr opagation mode that is independent from the first ^ 
40 co-propagate with the first portion along a common optical path. 
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using the first portion in the first propagation mode and the 
refiect.d iight in the second propagation »ode to obtein matron 
the sample. 

57. The method as in claim 56, further comprising using at least 
one optical waveguide to guide light. 

Piaim 56, further comprising using at least 

58. The method as in claxm oo, *- 

one optical fiber to guide light. 

59. The method as in claim 56, wherein the first and the second 
propagation modes are polarization modes. 

60 The method as in claim 56, further comprising using a tunable 
optical bandpass filter to filter the light before to the light reaves 
the vicinity of the sample to select a spectral response of the sample 



to measure. 
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61 The method as in claim 56, further comprising using a tunable 
ootical bandpass filter to filter the first portion in the first 
optical banap reflecte d light in the second propagation mode 

propagation mode and the reflecteo ng«». 
to select a spectral response of the sample to measure. 

62. ^ apparatus for optically measuring a sample, comprising: 
a> a light source; 

. a *- t M «t first and second independent 
b } a waveguide supporting at least txrst an 

nation .Odes and ,uidi„, the ii,ht radiation fx- the U*t source 
in the first propagation »od. to the vicinity of a ss„pie under 
equation, ^ ^ ^ ^ ^ ^ ^ 



30 C) 3 PI "" C rTh. orooaaation direction of a portion of the 

of the sample and reverses the propagation ux 

of the P waveguid e while transmitting the remainder 

r eflected light from the sample into the second propagation mode; 

d , a differential delay modulator that transmits the light in 
ooth the first and the second propagation modes from the probe head and 

r-Ho relative optical path length between the 
the waveguide and varies the relative optical v 

first and the second propagation modes; 

a mode combiner to receive light from the differential delay 
adulator and operable to superpose the first and the second propagation 
lodes by converting a portion of each mode to a pair of new modes; 



35 



40 
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^ ^ *-r> receive light in at least one 

f ) at least one photodetector to receive x g 

of the two new modes; and 

g) an electronic controller in convocation wxth the 

*-„ av cr ac t information of the sample from the 
photodetector and operable to extract mrorm 

5 output of the photodetector. 

63. The apparatus as in claim 62, wherein the electronic 
controller is in communication with and operates to control 
differential delay modulator. 

64 The apparatus as in claim 62, wherein the electronic 

• H.n with and operates to control the probe 
controller is in communication wxth ana op 



10 



head. 



65 The apparatus as in claim 62, further comprxsxng a tunable 

I « .filter located to filter either light to the probe head 
optical bandpass filter locate ^ ^ ^ 

or light from the probe head to select a sp 
to measure. 

66 an apparatus for optically ..assuring a ss»ple, co»prising-. 
a light source that e„its radiation to excite the propagation mode 



25 



30 



35 



40 



in the first waveguide; waveg uide with its 

a light director that terminates the xirsr y 

\ <-h e liaht mode entering the first port, at least 

v=<- nnrt and passes the lignt niuue <= 4 iv. 
first port ana p nasses the light modes entering the 

in part, through a second port and passes the xxg 

4. T^a-rt- throuqh a third port; 
second port, at least in part, tnrouyu 

a second waveguide that supports at least two independer * 
propagation modes and having a first end coupled to the second port 

' SeCOn aVr n o d b: head coupled to the second end of the second 

vl to reverse the propagation direction of the light xn part back 
operable to reverse tne p p y re mainder to the sample, the 

to the second waveguide and to transmxt the remainde 
probe head further operable to transform the collected light from 

ample reflection to an orthogonal mode supported * . the . second 
waveguide and direct light in the orthogonal mode into the 

waveguide; independent propagation 

a third waveguide supporting at least two t> 
a thira ^ t di rector to 

modes and being connected to the tnira P 



receive light therefrom; 
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a differential delay modulator that connects to the third 
, . .„ receive light from the second waveguide and imposes a 

ooopXeo to t„e di^e-tia! o.la y -oo^tor to teoeivo 1** thereto.. 

and to receive light from the fourth 

a detection subsystem positioned to receive g 

H and to superpose the two propagation modes from the fourth 
waveguide and to supetyu Hptection 
•ho , n form two new modes, mutually orthogonal, the detection 
waveguide to form two n« receiving light in 

mnH ,. ina two photo-detectors respectively receiving y 
subsystem comprising two t>n« 

the new modes. 

o -in riaim 66, wherein the first, second, 
en The apparatus as m Claim oo, 

67 . The pp polariza tion-maintaining optical fibers 

third and fourth waveguides are poianza 
supporting two orthogonal polarization modes. 



The apparatus as in Claim 66, wherein the probe head 
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68. me dpjjaj-u^«" — - , 
comprises an uncoated or coated termination of a polari, nation- ■ 
maintaining fiber to have a finite reflectance, a lens and a quarter 
wave plate or a Faraday rotator arranged in a series. 

.«-„, as in Claim 66, wherein the differential delay 
69 The apparatus as in wauu ou, 

•I s at least one segment of a tunable birefringent 
modulator comprises at least one gm birefringent ma terial. 

25 material and at least one segment of a fixed t>x 

i a -tn, «q wherein the tunable birefringent 
70. The apparatus as in claim 69, wherein 

material comprises a liquid crystal material . 

«Q wherein the tunable birefringent 
30 71. The apparatus as in claim 69, wherein 

material comprises a lithium niobate crystal. 

, .„ fiq wherein the fixed birefringent 

72. The apparatus as in claim 69, wherein x.i 

material comprises quartz or rutile. 

35 4- ac in Claim 66, wherein the differential delay 

73. The apparatus as in Claim oo, 

adulator comprises means for separating received light by modes and 
modulator comp directing the other mode 

directing one mode through a nxea p 



through a variable path length device 
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n • ^ wherein the variable path length 
74. The apparatus as in claim 73, wherein * 

a transparent plate to receive .4.4.^ Haht; 

spl itter and to rotate to change a path length of the transited Ixght, 

^ a mirror to reflect light transited through the ™^ 

* - 4.*,. transparent plate to reach the beam splxtter whxch 
plate back to the transparent p ^ d output . 

reflects light coming from the transparent px 

! * m n wherein the variable path length 
75. The device as xn claxm 73, wnerexn 

— ciroulatot to teceive an input u*t «~ 

at a first port and to direot th. input li,ht bean, to a 

' a ttanapatent piat. to r.o.iv. xl*t *x- «- second port o th. 

optioai oi.ooi.to, and to totate to ohan 9 a a path l-gth of th. u*t 

— ! h : r o *~' l^t transited through th. ttanspat.nt 

.ato l:;:: z ssoond ^ *~ - 

plate back to th second pQrt tQ a 

the optical circulator whxch dxrects xxgn 
third port as a delayed output. 

* 

• wherein the variable path length 

7S The apparatus as xn Claxm 73, wnerexn u 

7 6. The a PP ^ of a po larization-maxntaxnxng 

device comprises a piezoelectrxc stretcher of P 

optical fiber. 

o -in claim 73, wherein the variable path 
ii The apparatus as xn Claxm /o, 
- • arises two collimators both facing a mechanxcally 
iength devxce composes two collima ted light from one 

movable retroref lector xn such a y 
collimator is collected by the other through a trxp 

retroref lector . 

78 The apparatus as in Claim 73, wherein the variable path 
• comorises two collimators optically linked through double 

length device comprises wo raflpctor 
passin, a tot.tabi. optio.i plat, and bounce off a tafi.otot. 

79 . Th. apparatus as in Clai. 66. wh.r.in tb. liobt dir.otor is 
*Z or.s.tving oi.oui.tot that oonv.ys a mod. support.d by 

the first waveguxde to one or t second 
„av.,uid. and oonv.ys the ind.p.nd.nt »od.s support.* by 
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waveguide to the corresponding independent modes supported by the third 
waveguide . 



80. 
comprises : 
a) 



The apparatus as in claim 66 wherein the light director 
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al a polarization-maintaining circulator that conveys a 
oolarization mode entering a first port to a second port, causing no 
Th n in the state of polarization, and conveys the polarization . mode 
entering the second port to a third port, causing no change in the 
of Polarization^ ^ ^ ^ ^ ^ 

second ort o f the polarization-maintaining circulator and separates the 

ligh t into two different paths by ^^TH^Ld to the 

c) a second polarizing beam splitter tnat 
third port of the polarization-maintaining circulator and separates 
light into two different paths by state of polarization. 

„ ^ riaim 66, wherein the light director is 

81. The apparatus as in Claim oo, 

a polarization-insensitive beam splitter. 

20 :„ n »k 66 wherein the detection 

ft? The apparatus as in Claim bb, 

* 1 ^ , . n-r-iented in such a way 

s chs y sta„ comprises a polariain, b~ «Utt- oriented 

that each spUt radiation is a s.perpoertron •« ^ ' 

. , Q fo , ir th wavequide and is receiveu r 
propagation modes m the fourtn wavegu 

25 detector. 

83 The apparatus as in claim 66, further comprising a tunable 
83. The PP d> and fourth 

bandpass filter in one of the first, 
waveguides to filter light. 
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84. A device, comprising: 

an optical waveguide to guide an. optical radiation in a first 

optical mode; optical waveguide to receive 

an optical probe head coupled to the opti redirect a 

the optical radiation, the optical probe head operable to (1) redirect 

, of the optical radiation back to the optical waveguide while 
portion of the optical j. . rece ive and direct 

transmitting th. remainin, radiation to a sample, (« rec.rv. 

tha rebooted or Scattered radiation ^ «°» 

wsvaguide, and (3, control the reflected or tha « 
tha Iple to be in a second optical mods different from the 

optical mode; and 
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f fl receive the radiation redirected by 
nni-ical detection module to receive 

th e proL he a: three,* weedcide an, to convert optical radios - 
tne ir-^ n «*. 4 « r^avh •» nfo a common 

the first and second optical modes, at least in part, into 

optical mode. 

85. The device as in claim 84, wherein the optical waveguide 
comprises an optical fiber. 

^ • - »• Hn claim 84, wherein the optical waveguide 

86. The devxce as in ciaim o-±, 

L0 comprises a polarization maintaining fiber. 

87 The device as in claim 84, further comprising a differential 
. an optical path between the optical probe head and the 
delay device in an optical path relative op t ica l path length of 

optical detection module to modulate the relative p 

15 the two propagation modes. 

4-4« a n v measuring a sample, comprising: 
88. A device for optically measuring v 

which supports first and second different 
an input waveguide, which suppox 

*■„ receive and guide an input beam in the first 
propagation modes, to receive emu. y 

b e» ana to the output waee^ide to export ll*t. the pro., head 

v., ►„ direct a first portion of the input beam in the first 
25 operable to direct fx P . 3eoond portion 

TTCttLT.t^Tu- Probe head collect^ reflection of 
t e sectrpo"- frc the s»ple end e* P ortin 3 to the output _de 
Z reflection as a reflected second portion in the second propa 9 atxo„ 

30 mode; and reflected first portion and the 

a detection module to receive the reflected v 

v,™ in the output waveguide and to extract 
•reflected second portion in tne ow-yu^ * 

retiectea * *- reflected second portion, 

information of the sample carried by the reflecte 
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89 . The device as in claim 88, wherein the input and output 
waveguides are polarization maintaining fibers. 



^ • « „, in claim 88, further comprising a tunable 
qo The device as in cxaj.ni °<->, 

-.u- 4-« filter the light received by the 

optical bandpass filter positioned to filter the g 

40 detection module. 
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91. A method, comprising: 

1 h ' nrt optical radiation in both a first propagation mode and 
guiding optical waveg uide towards 

second, different propagation mode througn v 

3 ^directing radiation in the first propagation mode away from the 
^^^r:TL^ nation mode to interact 

Mith i samPle to ^ rT: ^ ztzt^z* 

coupling both the returned radiation in cne r 
„ od . an! the Lua- - - ^rst propagation »ode into the ^ 

th e radiation in the first propagation .ode iro„ tn. option _de 
to extract information of the sample. 

5 . • 91 wherein the first propagation mode 

92. The method as in claim 91, wnerei 

«re two polarization modes that are 
and the second propagation mode are two po 

orthogonal to each other. 

1= »-i m 92 wherein the first propagation mode 
a-* ThP method as in claim 9£, wnerexn 
!0 93. The metho orthog onal linear polarization 

and the second propagation mode are two 

modes . 

94. The method as in claim 91, wherein the waveguide is a 
25 polarization maintaining fiber. 

• 91 further comprising adjusting a 

ac Thp method as m claim si, luIL " 0i c 

95. Tne metnou oropagation mode 
relative phase delay bet— the radiatron in the frrs * 

and the radiation in the second propagation — ™* o£ ^ 

30 th . optical »a,egoide away fx. the s W le to select a layer 
sample to measure. 

^ = ir. rlaim 95, further comprising modulating the 

96. The method as in claim so, , 

• v, . delav at a modulation frequency in measuring the sample, 
relative phase delay at a iu^^uj- 

35 97 The method as in claim 95, further comprising: 

97. Tne mettiuu «, at value to measure a 
adjusting the relative phase delay to a first value 

, , , „ <vh a first layer within the sample; 
rirst signal associated wrth a^»t V ^ ^ 

40 measure a second signal associ^ 
sample; and 



~53~ 



5 



10 



15 



20 



PCT/US2004/017649 

WO 2005/001522 

obtaining a ratio between tbo first and the second signals to 
extract information about a layer of the sample iooatad bet-eon th. 
first and the second layers. 

98 The method as in claim 97, further comprising using a tunable 
optical bandpass filter to filter the radiation to obtain a spectral 
response of the layer of the sample locate, between the first and the 
second layers . ■ 

„. The method as in claim f7. further comprising using the ratio 
to -ensure a ooncentr.tion of glucose in a dermis layer of a Sam 
when used as the sample. 

X00. The method as in ciaim 91, further comprising controlling a 
spectral property of the radiation in the first and the second 
propagation modes to obtain spectral information cf the sample. 

• „,=<m 01 further comprising using a tunable 
101. The method as in claxm 91, turrner t> 

f . Uer to select a center wavelength of a spectral 
™M-nral bandpass filter to ^- LCOL ° 

Ifnge of the radiation to th. sample to obtain . spectral response of 
the sample in the spectral range. 

. as in claim 91, further comprising using a tunable 
102 The method as in ciaim 31, 
optical bandpass filter to select a center wavelength of a spectra 
range of the radiation directed through the _d. away «- hhe 
eample to obtain a spectral response o, the sample m th. spectra 



range 



30 



35 



40 



103. The method as in claim 91, further comprising: 

^ -hhP first propagation mode and the second 
mixing energy of . the Hirst pruy y , notical 

propagation mode to produce a first optical signal and s second optroal 

3l9 " al l.::li„g th. first and second optical — » » -tract the 
information of the sample. 

104. The method as in claim 103, further comprising using a 

first optical signal and the second optical 
difference between the first opr.ic=»x y 

signal to extract the information of the sample. 

105. The method as in claim'l04, further comprising: 
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nodulating a revive ph.se delay hetween the 
first propagation node end the radiation in the second propagation node 
that are directed in the optica! waveguide away iron the eanpie at , 

modulation frequency; and 

. ~i -i^Hfacs of the difference at the 

: using information on amplitudes o.i tne a 

n ^ ■ harmonic of the modulation frequency to 
modulation frequency and a harmonic 

extract the information of the sample. 

106. The method as in claim 103, further comprising: 
separating different optical spectral components in the 

OPtiCa lTZ «- different optical spectral components in the first 

""^e^tilg different optical spectral components in the second 

15 ° PtiC V^ the different optical spectral components in the second 

° PtlCa lZZ Inurements to obtain a spectral response of the sample 
at a spectral component selected from the different optical spectral 
20 components. 

107 The method as in claim 106, further comprising using an 
optical grating to separate the different optical spectral components in 
the fist optical signal by optical diffraction. 

108. The method as in claim 91, further comprising: 
adjusting a relative phase delay between the radiation in the 
first propagation mode and the radiation in the second propagation mode 
ha t are directed in the optical waveguide away from the sample to a 
30 Lue to select a layer from which a 

returned radiation in the second propagation mode substanti 
the radiation in the first propagation mode in phase; 

modulating the relative phase around the value at a modulation 
frequency to obtain a measurem ent ; and ^ layer . 

35 processing the measurement to obtain intorm 

a.v- j == -in rlaim 108, further comprising: 
109 The method as m ciaim 

Tin, an optic.i delay device to produce and edjoet the reletrve 



phase delay; and 



40 



osing a^ticai deiay nodolator to noduiate the relative phase. 
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i •«, Q1 further comprising adjusting a 
110 The method as in claim 91, furtner v 

v nn between the radiation in the second 
relative lateral position between t radiation to reach 

propagation mode and ^"^^2^^ at the different 
different locations on the sample to od 



5 locations . 



10 



15 



20 sample. 



m . Ih . m.thod as in claim ,1, further »UU. -™ 
optic, radiation in the first end the second propagation modes. 
1, in part, to . pair of ne. r;rr::: - - o „ 

detecting the intensities of the pair 
to extract information about the sample. 

4-v, t , -f-5 t-c?i- and the second 
^i-.-.™ qi wherein the rirsT: cixi^ 
112. The method as in claim 91. «h the 

propagation modes are two orthogonal linear pol.ra.aat 

" rthod o *z°;:z:t;, - - *»* - ~- 

propaJTon modes to produce en optioel si.nal in a n.» linear 
^"^irtnetpticel si,nal to ohtaln the information or the 

4.- .n « measuring a sample, comprising: 
113. , device for optically meaeuri 3 , seoond , 

. „.,.,uid.. ; el t; ;l: „ ^ *.» m - 

different propagation mode, to receive 

the first end the second to receive the input heam 

. proo. heed coupled to the „. , ^ ^ 

a„d to reflect e firs- portion^ ^ a p ^ ^ ^ 

propagation mode hack to th -ave, ^ Bode 

* r°Th.Tro::V. d c i -in, reflection of th. second portion 
„ a sample, the pro* , h ^ re£lectlon „ . 

£l0 m *"* d ^fon in the second propagation mode; and 
reflected second portion in ^ and th . 

' d *" Ctl °" ^tn in the wev eg oide and to extract informetion of 
reflected second portion in the wave, 
th. sample carried b y th. reflected second portion. 

in further comprising: 

114 ■ r rriirde::;. i .n oUci ^ - - — — 

.„ d JLT^TS Produce a relative phase d.ia, h.t-.en th. 
reflected first and second portions; and 
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an 



10 



15 



_ optica! delay modulator in the optica! path of the reflected 
fir* and second portions to modulate the relative phase. 

. ■ „ »«, in claim 113, further comprising an optical 
iic The device as in cidiui j-j.-*/ 

115. The devi reflec ted first and second 

5 delay modulator in an optical path ox * 

portions to produce a relative phase delay between the ref lecte 
L second portions and to modulate the relative phase. 

. ^ Haim 113, further comprising a variable 
us The device as in claim iu, 

116. The dev refle cted first and second 

nntical delay unit in an optical patn w 

! to oroduce a variable relative phase delay between the 

portions to produce varia ble optical delay 

reflected first and second portions, wherein 

unit comprises: ^fleeted first portion in 

a mode splitting unit to separate the reflected 

the first propagation mode and the second portion in the second 
Z P :ZZ modi into a first optical path and a second optical path, 

"^Tarilbr/optical delay element in one of the first and the 
second optical paths to adjust an optical path length. 

^ > - in claim 116, wherein the variable optical 
117 . The device as in ciaim j-j-", 

deiay :r:™ e :t ^ an ^ ^ beam to be - 

to transmit a portion of the ^ from the beam 

a transparent plate to receive transm itted light; 

splitter and to rotate to change a path length 

^ a mirror to reflect light transmitted through the transparent 
a mirror t ^ spUtter which 

bac k to the transparent plate to 
plate oacic to _ la *. a as a delayed output, 

reflects light from the transparent plate as a o 

•, •„ us wherein the variable optical 
118. The device as in claim 116, wherein t 

delay element comprises: be delayed 

an optical circulator to receive an input light d 
at a first port and to direct the input light beam to a 
" a transparent plate to receive light from the second port o the 
optical circulator and to rotate to change a path length of the light 

transmitting therethrough; and transparent 
a mirror to reflect light transmitted through the transparent 
a mirror ^ second optical port of 

plate back to the transparent plate to reach the 
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th. optical circulator which diracts ll,ht th. second pott to a 

third port as a delayed output. 

* 

n •« 11 fi wherein the variable path length 
119. The device as xn claxm 116, wherexn 

fihAr and a fiber stretcher engaged to the iioer to 
5 element comprises a fiber and a no 

change a length of the fiber. 

„ • - as in claim 116, wherein the variable path length 

10 in an optical path linking the two optical collimators. 

121 Th e device as in claim 116, wherein the variable path length 
element cerises two optical collimators, and an * 
Elector in an optical path linking the two optxeal 
15 wherein the optical plate rotates to change a path length of light. 

122 The device as in claim 113, further comprising a variable 
122. me a reflected first and second 

optical delay unit in an optical path of the retxec 
op . _ variable relative phase delay between the 

portions to produce a variable rex v variab le optical delay 

20 reflected first and second portions, wherein the variable op 

unit comprises at least one tunable birefringent material and at 
one fixed birefringent material. 

* • «„ in claim 122, wherein the tunable birefringent 
123. The device as in cxaim 

25 material comprises a liquid crystal. 

124 The device as in claim 122, wherein the tunable birefringent 
ma terial comprises an electro-optic birefringent material. 

ninin 113, wherein the detection module 
30 125. The device as xn claim iu, 

comprises an optical detector. 

u „ « in claim 125, wherein the detection module 

19 6 The device as in cidxm ' , 

^ .1 nciarizer to receive and mix the reflected 
further comprises an optical polarizer to ootica l 

*-^«c, i-o produce an optical output to the optical 
35 first and second portions to proauce <u f 

detector . 

„ « in claim 126, further comprising an electronic 

1 21 The device as in ciaim , 

_ a. from th e optical detector and process the output 
unit to process output from the optic 

40 to extract the information of the sample. 
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128. The device as in claim 113, wherein the detection module 

comprises: % . , 

an optical polarizing beam splitter to receive and mix the 
reflected first and second portions that are respectively in the first 
Hd the second propagation modes to produce a first optical signal and a 

SeCOn \^:X^^ to receive the first optical signal; 

a second optical detector to receive the second optical signal; 

an electronic unit to receive and process outputs from the first 
and the second optical detectors to extract the information of the 
sample. 

129 The device as in claim 128, wherein the first and second 
optical detectors are first and second detector arrays, respectively, 
the device further comprising: 

tne aevit ... t the f i rs t optical signal; 

a first grating to receive and diffract the rirs y ^ 

a first lens to focus different diffraction components in the 
first optical signal to different locations on the first detector array; 

• _ *i f fract the second optical 

a second grating to receive and diffract 

sianal; and , *.v*« 

a second lens to focus different diffraction components in the 

second optical signal to different locations on the second detector 
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130 The device as in claim 113, wherein the probe head comprises: 
a mode-selective reflector to select the first portion of the 
input beam in the first propagation mode to reflect and to select the 
second portion of the input beam in the second propagation mode to 
transmit to the sample. 

131. The device as in claim 130, wherein the first and the second 
propagation modes are orthogonal linear polarization modes, wherein the 
mode-selective reflector comprises: 

a polarization beam splitter which transmits light in the second 
propagation mode to the sample and reflects light in the first 

propagation mode; and 

a reflector positioned to reflect the light in the first 
propagation mode back to the polarization beam splitter. 
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132 The device as in ol.i» 130. "herein the probe heed further 
Rises', lene evste, between the w.v. g nide end the »ode-,electr,e 

reflector . 

133. The device as in claim 113, wherein the waveguide is a 
polarization maintaining waveguide . 

134. The device as in claim 23, wherein the waveguide is a 
polarization maintaining fiber. 

J • == in rlaim 113, further comprising: 

135. The device as in ciaim j-j-jj 

a -HaM: source to produce the input beam; 

a light sour P from ^ Ughfc gource 

an input waveguide to receive tnts v 

and to guide the input beam; reflecte d first and second 

ontnut waveguide to receive the reflected 
3n OUtE>U 9 .„ . _ direct the reflected first and second 

portions from the waveguide and to direct tn 

„ nJ+ i ons to the detection module; and 

portions to * he in put waveguide, the waveguide, 

an optical router coupled to the input wa y 

ui» H-i-rect liqht coming from tne 

input waveguide to tne wdvey 
waveguide to the output waveguide. 

- • o », m claim 135, wherein the optical router is an 

136. The device as in ciaim jl~>~>, 

optical circulator. 

' , .-.„!« claim 135, wherein the optical router is a 

137. The device as in cxaim j.-^** 

polarization preserving optical circulator . 

f ■ 

138 The device as in claim 135, further comprising a tunable 

138. The devi waveguide, the waveguide, and 
0 optical filter loc^ - P ^ ^ ^ 

the output waveguide to select a ^ 
sample to measure. 

139 The device as in claim 113, further comprising a tunable 
35 optical filter to filter the input beam to select a portion of the 
spectral response of the sample to measure. 

140. The device as in claim 113, further comprising a tunable 
t -cal filter to filter the reflected first and second portions to 
optical filter to ij. sample to measure. 

40 select a portion of the spectral response of the sample 
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. olaim 113f further comprising a mechanism to 

141 The device as m claim uo f IU1UC * 

change a lateral relative position between the P-be — 
to direct the second portion to different locations of the sample. 

142 A device for optically measuring a sample, comprising: 

an Input waveguide, which supports a first propagation mode and a 
second different propagation mode, to receive and guide an input beam 
in both the first and the second propagation modes; 

an output waveguide, which supports the first and the 

be am a nd to the output waveguide ^J^^^^ 

first portion of the input be a m in the first propag 

-ho m the first propagation mode and direct a second 
output waveguide in the nrsr. pxuf y , 

^ • m„ cernnd nrooaqation mode to a sample, 
portion of the input beam in the second propag 

reflected second portion in the output waveguide end to 
in f oLtio„ of the se„ple cerried W tne relented, second portion. 

143. The device as in claim 142, further comprising: 
an optical delay device in an optical path of the reflected frrst 
, and second portions to produce a relative phase delay between the 

reflected first and second portions; and re flected 
an optical delsy modulator in the optical path of the reflected 
firs t and second portions to modulate the relative phase. 

144. The device as in claim 142, further comprising an optical 
0 de lay Adulator in an optical path of the reflected first 

portions to produce a relative phase delay between the reflected 
and second portions end to module the reletive ph.se. 

145 The device ss in clsim 142, further comprising . v a ri a ble 
J5 . i-'^i « a th of the reflected first and second 

unit comprises: reflected first portion in 

40 a mode splitting unit to separate the reflected 

the first propagation mode and the second portion in the second 
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propagation mode into a first optical path and a second optical path, 

""Tvr/iiroptical delay element in one of the first and the 
second optical paths to adjust an optical path length. 

. • « in claim 142, wherein the detection module 
14 6. The device as in claim 

and the second propagation modes to produce e first optical 

detector to recede the first optica, signal, 
I second optica! detector to receive t h e second optica! srgnal, 

,„ electronic edit to receive and prooeas ootputs from thirst 
and the second optica! detectors to extract the information or the 
sample . 

14 , The device as in claim 146, wherein th. first and second 
optical detectors are first and second detector arrays, respectrvely, 

the device further comprising: e - al , 

the devic recei ve and diffract the first optical signal, 

a first grating to receive <x 

a first lens to focus different diffraction components in the 
a fl rst different loca tions on the first detector array; 

■First ootical signal to ditrerent 

: second statin, to receive and diffract the second optical 

Sl9 " al l Telnd lens to focos different diffraction <™~~££ 
second optical signal to different locations on the second detector 



30 



M . The device as in claim 1«. "herein the prohe head comprises 
. Llselective reflector to select the first portion of the 
fnpnt oeam in the first propagation mode to reflect and to select the 
secold portion of th. input heam in the second propagation mode to 



35 transmit to the sample. 



„ », in claim 148, wherein the first and the second 

149. The device as in ciaim i", 

^ linear polarization modes, wherein the 

propagation modes are orthogonal linear poian 



mode-selective reflector comprises: 
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«l ifcter which transmits light in the second 
a polarization beam splitter wmc 

propagation mode to the sample and reflects light m the first 

PrOPa t" t :; rationed to reflect the light in the first 
5 propagation mode bacic to the polarization beam splitter. 

150 The device as in claim 148, wherein the probe head further 
comprise 0 ; a lent .stem between the waveguide and the mode-selective 
reflector. 

10 . rlaim 142, wherein the waveguide is a 

151. The device as in claim 

polarization maintaining waveguide. 

■ir, Haim 142, wherein the waveguide is a 

152. The device as in claim J.^, 

15 polarization maintaining fiber. 

153 The device as in claim 142, further comprising a tunable 
153 * ^ f ~ in one of the input waveguide and the output 

20 measure . 

• n claim 142, further comprising a mechanism to 
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, • .for optically measuring a sample, comprising: 

155. A dev.ce for optical y propaga tion mode of 

a waveguide, which supports at least a P n mode; 

light, to receive and guide an input *J ^ -am 

a probe head coupled to the wavegu.de U^o ^ ^ 

and to reflect a first portion of the inp ^ ^ ^ 

in the input propagation mode and direct 

i-he input propagation mode to a sample, the prooe 
beam in the input p P g ^ sample and 

4.4«n in the input propagation mode from the 

::::::: ::::: = zzjl - - — - - 



reflected second portion. 
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„.. The device as in clai* ». — — ^ 

second^; t optiMi ^ „ „ cei „ the £i r,t « 

a second optical path to receive the second. beam; 

a seconu r , th second 

a beam combiner optically coupled to the first and t 

u . fHrst a nd second beams and to split we 

optical paths to combine the first and propagation mo de and a 

combined beam into a first output beam in a first p 

a ,*™,t beam in a second propagation mode; 
L0 second output beam^ ^ ^ ^ ^ ^ ^ and 

a second detector to receive the second output beam. 

, ■ in claim 156, wherein the detection module 

"I'. « ^ o id element in the second optical path to 
" "a relaXI deia; het-een the £ itst and the second hea»s at the 
beam combiner. 

, • in claim 156, wherein the beam combiner is a 

158. The dev.ce as m claxm , propagat ion 
20 polarization beam splitter and the first and 
mo des are two orthogonal polarization modes. 

, • as in claim 155, wherein the optical probe head 
159. The device as in claim xa portion 
nHral partial reflector which reflects the lira p 
comprises an optical parcidx 

25 of the input beam back to the waveguide. 

160 The device as in claim 155, further comprising a tunable 
160. The devxc ^ frequency G f the 

optical filter in an optical path* ^g ^ 

first and second output beams to measure tne 
30 bandwidth of the filter. 

claim 155, further comprising a positioning 
1C1 mu p device as in claim xo^r 

161. The devx position between the 

m echanism coupled to adjust rel ^ ^ reach 

optical probe head and the samp ^ ^ ^ ^ 

35 different locations on the sample 
the different locations. 



